Abstract

Introduction
The prevalence of Chagas disease among the total population of Brazil in the 1980s was estimated at 4.2% 1 . However, the successful control of the main vector of the disease Triatoma infestans, together with quality assurance control of blood banks and improvements in housing conditions in endemic regions have led to a sharp decline in the number of new cases of this disease in the last decade 2 . However, in regions where autochthonous triatomine species are common, the parasite-vector-reservoir-host interaction is often maintained when the health vigilance system fails. Since the decentralization of the Brazilian health system, native vector control measures have been the responsibility of municipal governments, which have not always achieved desired results due to operational and political difficulties and lack of financial resources. In regions where the wild triatomine species are predominant, the low residual effect of insecticides along with the degradation of the natural environment around cities facilitates house invasion and colonization by triatomines of human domiciles and outbuildings 3 . The focus of current prevention campaigns are native triatomine species in wild or peridomestic habitats, which are increasingly invading or reinvading both peridomicile and intradomicile areas in endemic regions as consequence of deforestation 3 . This phenomenon is characteristic not only of the State of Ceará, but also of other states in the Northeast Region of Brazil where T. infestans is not present. In these states the real threat of transmission of Trypanosoma cruzi comes from other peridomestic species such as, Triatoma brasiliensis, Triatoma pseudomaculata, Triatoma sordida and Panstrongylus megistus 3, 4, 5 . Therefore, continuous surveillance measures are recommended to avoid the recrudescence of Chagas disease in this region.
With the aim of contributing to the improvement of triatomine control programs in this endemic region, this study investigates triatomine infestation in peridomicile and intradomicile areas and Chagas disease infection among local residents in a rural locality in an area impacted by human action in the Jaguaribe Valley, State of Ceará 6 . 7 .
Materials and methods
Study area
An exploratory study was conducted in Miguel Pereira, a rural locality situated on a floodplain 17km from the town center, to ascertain the current distribution of triatomine species in the municipality. This locality was selected due to the high rate of triatomine infested dwellings according to a survey conducted in 2008 by the Municipal Health Department in conjunction with the Health Department of the State of Ceará. The locality comprises 471 dwellings, housing approximately 1,000 residents. As in most rural areas in this region, the population has the custom of extracting and storing timber, mainly from the carnauba palm, for the construction of houses and other structures in peridomestic areas such as fences, corrals, pigsties and chicken coops. The local environment has been greatly altered due to the increased felling of the carnauba palm and other tree species typical to the Caatinga to make way for agriculture and cattle raising and to provide firewood for local brick and roof tile factories.
Chagas disease serological survey
Serological screening for Chagas disease was carried out during visits to all 471 households. Finger prick blood samples were collected on filter paper (Watman 50, GE Healthcare, São Paulo, Brazil) from all residents (including children) present at the time of the visit who agreed to participate in the study. Blood samples were analyzed in the laboratory using indirect immunofluorescence assay (IFA) and ELISA (enzymelinked immunosorbent assay). To elucidate dubious results, peripheral venous blood samples were collected for serological testing using indirect immunofluorescence, ELISA, PCR (polymerase chain reaction), in vitro xenodiagnosis and hemoculture. Subjects that tested positive in at least two tests were confirmed as having Chagas disease. Furthermore, all individuals who tested positive in at least one of the tests were subject to a clinical evaluation and, electrocardiogram to confirm the disease. Confirmed cases were stratified by gender and age to calculate the prevalence of Chagas disease in the study population. Differences between gender and age were verified using the chi-square test at the 5% significance level. The blood tests were carried out at the Evandro Chagas Clinical Research Institute of the Oswaldo Cruz Foundation (IPEC/Fiocruz). The study was approved by the Fiocruz Ethics Research Committee (application n. 039/01).
Investigation and capture of triatomines
Triatomine infestation and infection rates were assessed using a convenience sample of 220 households where two bug capture sessions were carried out: one in the dry season and the other in the rainy season.
Domicile triatomine searches were carried out on five consecutive days in each season and were conducted by two people who captured the bugs using forceps. The following environments were investigated: houses (inside and outside); peridomestic areas within a 100 meters of the house containing manmade structures such as corrals, pigsties, chicken coops, animal shelters and woodpiles. The captured triatomines were kept in labeled plastic containers and forwarded to the laboratory for species identification and testing for T. cruzi infection. The presence of protozoa in insect feces was detected using a conventional light microscope (400x) considering the entire length of the cover slip.
The following entomological indicators recommended by the World Health Organization for Chagas disease control 8 were analyzed for both the dry and rainy season: (i) intradomicile and peridomicile infestation; (ii) indoor colonization; (iii) T. cruzi infection; and (iv) triatomine density. The chi-square test was used to verify differences in results obtained in the dry and rainy season and the student's t-test was used to analyze density. Data was analyzed using the R software version 2.10.1 (The R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org) adopting a 5% significance level.
Results
Seroprevalence
A total of 812 local residents were interviewed of which 642 (79.1%) agreed to carry out blood tests. Prior to testing, four people declared that they were T. cruzi positive and had already been submitted to treatment, which was later confirmed by the serological assays. Four other individuals tested positive in at least two different tests (one individual aged between 20 and 29 years and three individuals aged over 40 years). The human Chagas cases identified by this study did not show any family association (i.e. vertical transmission). Participants diagnosed with Chagas disease were given orientation with respect to treatment and monitoring and the Russas Secretary of Health was notified of the cases. The results of our investigation show that the prevalence rate of Chagas disease in Miguel Pereira was 1.2%. No significant difference was found between genders (p > 0.05) ( Table 1) .
Entomological survey
Peridomestic triatomine infestation was detected in 40 of the 220 homes surveyed (18.2%) and internal infestation was found in seven houses (3.2%). A total of 761 triatomines were captured, consisting of the following species: T. brasiliensis (77.1%); T. pseudomaculata (19.8%); P. megistus (2.9%); and Rhodnius nasutus (0.1%). A total of 658 (86.5%) triatomines were found in close proximity to houses, of which 73.3% were nymphs, 15.4% adult males and 11.4% adult females ( Table 2 ). The majority of triatomines (76.9%) were collected in the dry season, while 23.1% were collected in the rainy season. Internal infestation was detected in six houses in the dry season and three in the rainy season. The proportion of triatomines captured indoors during the dry season and rainy season was 14.2% and 11.4%, respectively. However, this difference was not shown to be significant (p > 0.05). The infection rate of specimens captured indoors was significantly higher in the dry season than in the wet season (71% and 10%, respectively: p < 0.05). As expected, most insects were found in the peridomicile areas (86.5%) in both seasons. In the dry season and rainy season the proportion of bugs found in peridomestic manmade structures was 14.1% and 9.1%, respectively. No significant difference was found (p < 0.03). Infection with T. cruzi in bugs found in peridomicile areas was more frequent in the rainy season than in the dry season (29.9% and 23%, respectively). However, these differences were not significant (p < 0.05).
A total of 103 bugs from six different T. brasiliensis colonies were captured inside houses in the dry and rainy seasons, most of which were nymphs (92.2%), apart from one sole specimen of T. pseudomaculata. With respect to peridomestic environments, 658 (86.5%) specimens of various species were obtained, of which 73.3% were nymphs, 15.4% adult males and 11.4% females, together with 60 colonies. The dominant species in these colonies was T. brasiliensis (59.1%) ( Table 3) . A total of 54 (24.5%) of the 220 houses surveyed were uninhabited in both the dry season and rainy season and 77.7% of the residences surveyed had at least one man-made peridomicile structure. A total of 531 man-made structures were investigated, of which 48 (9%) were infested.
At least one T. cruzi infected triatomine was found in 72.7% of the infested woodpiles. A total of 31 of the infested man-made structures (64.6%) were infested by T. brasiliensis. Infestation of peridomestic structures by T. brasiliensis was most common in woodpiles (38.7%) and goat/sheep corrals (22.6%) ( Table 4 ). Since 52.2% of T. pseudomaculata, 80% of P. megistus and the sole specimen of R. nasutus were also captured in this environment, it could be said that the triatomine species have a preference for woodpiles. With regard to cohabitation, T. brasiliensis and T. pseudomaculata were found together in 10 different types of environment, P. megistus and T. brasiliensis in one type of environment, and P. megistus and T. pseudomaculata in two types of environment. The presence of nymphs and eggs was detected in 85.4% of peridomicile annexes, and 56.1% of the nymphs were infected with T. cruzi.
With respect to entomological indicators, while infestation and colonization was significantly greater in the dry season, no significant difference was found with regard to natural infection (Table 5 ). Density was significantly higher during the dry period (X = 2.66) than in the rainy season (X = 0.80) (p < 0.02). 
Discussion
The prevalence rate of Chagas disease in the human population of Miguel Pereira was lower than the national prevalence rate in 1980 estimated at 4.2% 1 . The rate was also lower than rates in 2000 described in four villages in the municipality of Jaguaruana (3.1%), located close to Russas 9 .
A comparison with data for the State of Ceará from the national serological survey carried out between 1975 and 1980 1 reveals an increase in seroprevalence of T. cruzi infection from 0.8 to 1.2%. However, it should be noted that our data is based on a single location and may differ from statewide estimates. Prevalence rates in Miguel Pereira ranged from 1.4%, among young adults aged between 20 and 29 years, and 5.6%, among adults aged between 50 and 59 years. No cases were detected among children and teenagers, indicating that transmission of the disease has possibly subsided in the region, despite the high levels of insect infestation and T. cruzi infection. Currently, the Northeast Region of Brazil is the most prolific Chagas disease endemic area in the country, and has become a dispersal area for native triatomines such as T. brasiliensis and T. pseudomaculata 10 , which currently present the greatest challenge for reducing the transmission of the disease in Brazil. Traditional chemical insecticide spraying has not proved to be very effective since the main habitat of the bugs is in the wild and the ephemeral effect of insecticides means that re-infestation of houses is common shortly after spraying 11, 12 .
Our findings regarding the dry and rainy seasons point to significant differences in infestation and triatomine colonization between seasons. These results are corroborated by other studies that reported higher infection rates and colonization during the dry season 13, 14, 15 . This disparity highlights the need for further longitudinal studies to define optimum timing for vector control insecticide application.
T. brasiliensis and T. pseudomaculata are also of concern in the Northeast Region because they are often more abundant than other species, infesting both intradomestic and peridomestic environments, and are characterized by high prevalence of natural T. cruzi infection 16, 17 . T. brasiliensis was the most abundant species in this study, followed by T. pseudomaculata, P. megistus and R. nasutus, the latter of which was practically absent from households. T. brasiliensis showed the greatest spatial distribution and capacity for domicile infestation and colonization 17, 18 . However, according to Silveira et al. 19 , T. pseudomaculata may colonize indoors when in greater numbers and take over from T. brasiliensis. In fact, our study found that certain manmade structures were cohabitated by both species, possibly suggesting that T. pseudomaculata is gradually becoming dominant 20 .
It is known that each genus prefers different natural ecotopes. For example, Rhodnius is more commonly associated with palm trees, Panstrongylus with animal burrows and tree cavities and Triatoma with rocky outcrops, caves and rodent burrows 23 . However, in and around houses, triatomines may prefer other types of shelter and peridomicile areas offer a number of options of hosts and shelter, besides possessing the ideal microclimate for successful population development 24 . However, some artificial ecotopes may be more attractive to some species than others and studies carried out in neighboring municipalities showed higher triatomine infestation in animal shelters such as goat/sheep corrals and chicken coops 17, 25 . Sarquis et al. 17 showed an association between T. brasiliensis and roof tile and brick piles, suggesting that such ecotopes may resemble its natural ecotope. Our findings show that the highest infestation and natural T. cruzi infection rates in all triatomine species occurred in woodpiles. Besides providing shelter for triatomines in the spaces and cracks, food is also abundant in this type of ecotope since it is riddled with burrows of small animals such as rodents and marsupials, which are T. cruzi reservoirs. In Miguel Pereira, as in most rural communities, residents extract timber from the natural environment for construction of houses, animal shelters and fences. This wood is often stored for long periods of time in peridomicile areas, inevitably serving as shelters for synanthropic animals 7 .
Our results show that the woodpiles are the main cause of the high triatomine infestation and infection rates in the region, since this ecotope harbors large, well established colonies consisting of T. cruzi infected adults and different instar nymphs. It has been suggested that the increase in the triatomine infestation and dissemination rates may be due to environmental factors, such as vegetation type, food availability, and use of wood for construction 26 . Residents of Miguel Pereira reported the presence of small, wild mammals such as opossums (Didelphis albiventris), cavies (Galia spixii) and rats in close proximity to their houses. These synanthropic animals often invade peridomicile areas using man-made structures, principally wood piles, as shelters, implying that triatomine T. cruzi infection may be taking place in the domestic environment. These small rodents have also been noted in the neighboring town of Jaguaruana 15 . Further studies on these insects' food sources and the distribution of synanthropic animals are needed to understand the disease infection cycle in the locality. As described by Xavier et al. 26 , human impact on the local environment may lead to an increase in the T. cruzi infection rate in certain mammal species, reinforcing the need for detailed information of the specific local conditions to effectively assess the potential disease risk factors.
The results of this study emphasize the need to develop further studies in endemic areas to determine the specific local factors associated with infestation and infection and relative appropriate control measures. Insecticide control and educational campaigns geared towards resident awareness concerning the dangers of triatomine contact together with improvements in intradomestic and peridomestic environments are essential steps for Chagas disease control in Miguel Pereira. 
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